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The detection and treatment of prostate cancer has been 
markedly improved by the use of Prostate-Specific Antigen (PSA) as a 
serological biomarker for disease. However, even after surgical 
intervention and hormone ablation therapy, a significant proportion of 
patients progress to advanced metastatic disease, for which there is no 
cure. An inportant goal has become the identification of antigens in 
advanced stage prostate cancer that represent targets for 
therapy. Recently, great progress has been made to utilize immunological 
therapies to treat cancer. Monoclonal antibody therapy has been 
successfully approved for the treatment of breast cancer and B-cell 
lymphoma, and multiple clinical trails are currently in progress in a 
variety of cancers, including prostate cancer. Pre-clinical and 
clinical studies are also underway to evaluate cancer vaccine approaches 
directed against antigens that are highly expressed in prostate and other 
cancers. This article describes several target antigens expressed in 
prostate cancer and immunological approaches directed against 
them that may be effective for treating prostate cancer 
patients . 

Target antigens for prostate cancer immunotherapy. 

The detection and treatment of prostate cancer has been 
markedly improved by the use of Prostate-Specific Antigen (PSA) as a 
serological . . . 
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Monoclonal antibodies: will they become an integral part of the 
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Over the past two decades, monoclonal antibody technology has had an 
increasing impact on clinical diagnostic and therapeutic options, and this 
is true in the realm of managing prostate cancer. Several 
targets such as prostate -specific antigen and prostatic acid 
phosphatase as well as, more recently, angiogenic antigens such as vascular 
endothelial growth factor have been examined for therapy. Prostate-specific 
membrane antigen, a type II integral membrane glycoprotein initially 
characterized by the monoclonal antibody 7E11, has shown promise. Recent 
evidence suggests that prostate-specific membrane antigen is also expressed 
in tumor-associated neovasculature of a wide variety of malignant 
neoplasms. With its expression in prostate secretory-acinar 
epithelium and the prostate and in the neovasculature associated with 
tumors, prostate-specific membrane antigen represents an excellent 
antigenic target for monoclonal antibody diagnostic and therapeutic 
options. As research continues, the role of monoclonal antibody imaging and 
therapy will become increasingly important in the management of 
prostate cancer. 

Monoclonal antibodies: will they become an integral part of the 
evaluation and treatment of prostate cancer — focus on 
prostate-specific membrane antigen? 

... on clinical diagnostic and therapeutic options, and this is true in 
the realm of managing prostate cancer. Several targets such as 
prostate -specific antigen and prostatic acid phosphatase as well as, 
more recently, angiogenic antigens such as... 

specific membrane antigen is also expressed in tumor-associated 
neovasculature of a wide variety of malignant neoplasms. With its 
expression in prostate secretory-acinar epithelium and the prostate 
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Current chemotherapeutic and/or endocrine treatments for 
adenocarcinoma of the prostate are not delivered selectively to 
prostate cancer cells, therefore, they are used in very high 
doses that induce many unpleasant side effects in patients . New approaches 
are, therefore, needed to deliver drugs directly to prostate 
cancer cells to improve treatment effects. We hypothesized that 
antibody immunoglobulin G (IgG) against human prostate 
specific antigen (PSA) (anti-PSA-IgG) could function as a 
carrier protein for conjugated chemotherapeutic drugs (such as 
5-fluoro-2 ' -deoxyuridine, doxorubicin, etc.) and that the immunocon jugate 
could be delivered selectively to PSA-producing neoplastic prostate. 
Immunocon jugate would then preferentially inhibit cell proliferation and 
induce cell death in PSA-producing tumor cells, but not in 
non-PSA-producing prostate cancer cells or other solid organs 
of the host. The short-term treatment effect could be assessed by 
measuring cell death and cell proliferation in tumor-bearing animals. We 
tested our hypothesis by intravenously injecting an immunocon jugate 
(anti-PSA-IgG-5-fu-2 '-d) into nude mice with subcutaneous PSA-producing 
LNCaP or non-PSA-producing Du-145 prostate tumors. During 5 days of 
treatment , we observed that immunocon jugate was retained 
preferentially in PSA-producing LNCaP tumors where it produced cytotoxic 
effects in neoplastic prostate cells as revealed by decreased cell 
proliferation and increased cell death, but similar effects were not 
observed in non-PSA-producing Du-145 tumor cells or mouse organs. Analysis 
of untreated control mouse with LNCaP tumor, anti-PSA-IgG alone, 
anti-irrelevant-IgG-drug complex, and drug alone treatments indicated 
that there was little or no cytotoxic effects of these treatments on 
LNCaP and Du-145 tumors, and host organs. Our analysis of control and 
experimental data showed that the immunocon jugate was highly specific in 
imparting cytotoxic effects on LNCaP prostate tumors, but not on Du-145 
tumors and mouse organs. Thus, we have shown that the immunocon jugate 
selectively delivered a chemotherapeutic drug to PSA-producing 
prostate tumor cells where it produced measurable cytotoxic 
effects on cell proliferation and cell death. This is the first report to 
show a successful delivery of a chemotherapeutic drug in the 
immunocon jugate to PSA-producing LNCaP prostate tumors in nude mice and 
without indue 
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To assess the tumor targeting, safety, and efficacy of monoclonal 
antibody 1311-labeled CC49 in patients with androgen-independent 
prostate cancer , 16 patients received 75 mCi/m2 of the 
radiolabeled antibody after 7 days of IFN-gamma pretreatment . Sequential 
tumor biopsies in three patients showed a median 5-fold (range, 2-6-fold) 
increase in the proportion of cells staining positively for the TAG-72 
antigen, whereas one showed a decrease in staining. Fourteen patients 
received 1311-labeled CC49, whereas 2 showed a disease-related decrease in 
performance status, precluding antibody treatment . The antibody 
localized to sites of metastatic androgen-independent prostate 
cancer in 86% (12 of 14; 95% confidence interval, 57-95%) of cases. 
Both osseous and extraosseous sites were visualized, and in six (42%) 
patients, more areas were visible when the radioimmunocon jugate was used 
than were apparent when conventional scanning techniques were used. The 
localization of the conjugate in the marrow cavity was usually a site not 
visualized by the radionuclide bone scan, in which the isotope localizes 
primarily to the tumor-bone interface. The dose-limiting toxicity was 
thrombocytopenia because five (36%) patients showed grade IV and seven 
(50%) showed grade III effects. In addition, six (42%) patients, four of 
whom were hospitalized, showed a flare in baseline pain, and four showed a 
decrease in pain. No patient showed a >50% decline in prostate-specific 
antigen, although radionuclide bone scans remained stable in four cases for 
a median of 4 months. The results are consistent with dosimetry estimates 
showing that the delivered dose to tumor was subtherapeutic and suggest 
that approaches that exclusively target the bone tumor interface or the 
marrow stroma may be unable to completely eradicate disease in the marrow 
cavity. For CC49, improving outcomes would require repetitive dosing, which 
was precluded by the rapid development of a human antimouse antibody 
response . 

Interferon-gamma and monoclonal antibody 1311-labeled CC49: outcomes in 
patients with androgen-independent prostate cancer. 

. . . targeting, safety, and efficacy of monoclonal antibody 1311-labeled 
CC49 in patients with androgen-independent prostate cancer, 16 
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Abstract: Background: The principal treatment for prostate 
cancer is surgeiry; prostate cancer is resistant to 

the common anticancer drugs. The only useful therapy for metastases 

involves diminishing testosterone levels by orchiectomy or 

administration of drugs, either of which may increase survival time. 

One approach to prostate cancer treatment is to use a 

monoclonal antibody (MAb) to target cytotoxic substances to these 

cancer cells. The MAbs available either do not react uniformly with 

prostate cancer cells or react with normal tissues. Thus, a 

new MAb is needed. Purpose: The goal of this study was to isolate an 

MAb that reacts with an antigen present on the surface of 

prostate cancer cells. Methods: A strain of prostate 

cancer cells was isolated from a prostate cancer 

specimen, grown for 2-4 weeks in short-term culture, and used to 
immunize BALB/c mice. Hybridomas were then prepared by using spleen 
cells from the immunized mice. One hybridoma produced an MAb (PRl) that 
reacted with prostate cancers. Results: MAb PRl is an I^ (kappa) 
subtype that reacts uniformly with the surface of most (25 of 26) 
adenocarcinomas of the prostate. It also reacts with the surface 
antigen on normal prostate epithelial cells and on cells from benign 
prostatic hyperplasia. MAb PRl reacts with a limited niimber of normal 
tissues including a subset of principal cells located in the collecting 
ducts of the kidney. Conclusion: We conclude that MAb PRl reacts with a 
differentiation antigen present in normal prostate and that this 
antigen continues to be expressed on almost all adenocarcinomas of the 
prostate. Implications: This antibody may be useful for the diagnosis 
of or therapy for prostate cancer. 

Title: PRl - A MONOCLONAL -ANTIBODY THAT REACTS WITH AN ANTIGEN ON THE 

SURFACE OF NORMAL AND MALIGNANT PROSTATE CELLS 
Abstract: Background: The principal treatment for prostate 

cancer is surgery; prostate cancer is resistant to 
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The detection and treatment of prostate cancer has been 
markedly improved by the use of Prostate-Specific Antigen (PSA) as a 
serological biomarker for disease. However, even after surgical 
intervention and hormone ablation therapy, a significant proportion of 
patients progress to advanced metastatic disease, for which there is no 
cure. An important goal has become the identification of antigens in 
advanced stage prostate cancer that represent targets for 
therapy. Recently, great progress has been made to utilize immunological 
therapies to treat cancer. Monoclonal antibody therapy has been 
successfully approved for the treatment of breast cancer and B-cell 
lymphoma, and multiple clinical trails are currently in progress in a 
variety of cancers, including prostate cancer. Pre-clinical and 
clinical studies are also underway to evaluate cancer vaccine approaches 
directed against antigens that are highly expressed in prostate and other 
cancers. This article describes several target antigens expressed in 
prostate cancer and immunological approaches directed against 
them that may be effective for treating prostate cancer 
patients. 

Target antigens for prostate cancer immunotherapy. 

The detection and treatment of prostate cancer has been 
markedly improved by the use of Prostate-Specific Antigen (PSA) as a 
serological . . . 

... is no cure. An important goal has become the identification of antigens 

in advanced stage prostate cancer that represent targets for 

therapy. Recently, great progress has been made to utilize immunological 

therapies to treat cancer. Monoclonal antibody therapy has been 

successfully approved for the treatment of breast cancer and B-cell 

lymphoma, and multiple clinical trails are currently in progress in a 

variety of cancers, including prostate cancer. Pre-clinical and 

clinical studies are also underway to evaluate cancer vaccine approaches 

directed against... 
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Abstract: Background: The principal treatment for prostate 
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specimen, grown for 2-4 weeks in short-terra culture and used 1-0 
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Abstract: Background: The principal treatment for prostate 
cancer is surgery; prostate cancer is resistanl to 

the common anticancer drugs. The only useful therapy for metastases 
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Abstract: The prostate specific antigen (PSA) content, the neuroendocrine 
differentiation and the Lewis (y) and the expression of related 
carbohydrate antigens in pathological prostatic tissues were 
determined. These included 13 cancers and 11 benign hyperplasias. PSA 
is expressed strongly in hyperplastic and poorly in neoplastic tissues. 
The neuroendocrine differentiation detected by a monoclonal antibody 
directed against chromogranin A (CgA) is a frequent event in carcinomas 
and rare in hyperplastic prostate. The Lewis (y) and related 
carbohydrate antigens, evaluated by the reactivity of the tissues to 
two monoclonal antibodies MAbB3 and MAbBl, are expressed in a 
considerable percentage in malignant tissues of prostate 
and only occasionally in benign lesions. Our results suggest that 
immunoblotting with antibodies against CgA, B3 and Bl on the tissues, 
obtained after surgery, may be useful to obtain more information on the 
neoplastic transformation of human prostate. Furthermore, the 
expression of Lewis (y) and related carbohydrate antigens on the surface 
of prostate cancer suggest that, following a clinical 
trial, an immunotoxin combination of MAbB3 or MAbBl and Pseudomonas 
exotoxin, may be used in the treatment of prostate 
cancer . 

...Abstract: tissues to two monoclonal antibodies MAbB3 and MAbBl, are 
expressed in a considerable percentage in malignant tissues of 
prostate and only occasionally in benign lesions. Our results 
suggest that immunoblotting with antibodies against CgA. . . 
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""^e^ed^f^r^L^tr^i^Ho^'i: "ili;."^"^^"^^"^ -/^^^^^ P^--yP- were 
jonoclonal anti.ody^?o!:i?^L"fb\^:tr:"^^^^^ applied on 

h^rpiL\'r!BPHr"3"or;:f t^^'" J'^^"^ °^ benign'^^osStic 

Hyperplasia BPH) , 23 prostatic intraepithelial neoplasia (PIN) 14 

untreated primary adenocarcinoma, 35 diethylstilbes?rol (DES) ' 

Jere s?raM Jf^d ''T'' metastases. SpicimLs 

were stratified according to the percentage of tumor cells exoressino 
PD-41 antigen and degree of staining intensity, ^d correlaJ^d wJ?i Itm 
lllttiJl'T" fr'"' cytometry (FCM) measured pJoJdy, anS 

^^^rJr antibodies. In PIN, 4 specimens (17.?%) shiweS 

reactivity in a significant number of cells while a few celllwere 

clllTln'ssTT, ToiTl T'l -^'^^^--tly reactive fgt 5%^:f tumor 

cells) in 88% of nodal metastases and in 73% of bone metastases in 
contrast to 49% reactivity in primary tumors (p=0.0003r T^ere was a 
tendency of increased antigen expression in hoLonally treated 
primary tumors. In addition, involutional and metaplaLlc Sa^aes in 
Seiian'i^^'^r*^"'' "f"" reactive in many instances ^ 

Semiquantitative evaluation of PD-41 reactivity showed a statisticallv 

JefcJed i7me?f r'^f'"'"" (P=0.009). Moreover, the PD-41 an?ib;dy 
nho^^hfi- ""^t^^tatic lesions that failed to express both prostatic acid 
sn^a^^f fr/""* P"«tate specific antigen. These data ^ 
suggest that monoclonal antibody PD-41 merits further investiaation 
^^os^StrcLc::.^^'^"''^' diagnostic, prognostic and thera^e^L^c^role in 

Monoclonal antibody PD-41 recognises a prostate cancer 

h^^^oiJl'^^h^^a'pJ'" expression increases in metastases and following 

ABSTRACT: Tissues of prostatic origin representing variable phenotypes were 
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The development of hybridoma technology has increased research efforts 
and clinical applications in the area of radioimmunodetection . Despite the 
many investigative antibodies directed against prostatic tissue or 
prostate cancer cell lines, only two have been tested in 
clinical trials. A lllln-labeled antibody directed against 
prostate-specific antigen, the best available serum 
tumor marker for prostate cancer , has shown poor 

sensitivity in limited clinical radioimmunoimaging trials. Monoclonal 
antibodies against prostatic acid phosphatase have shown better imaging 
results, particularly at higher antibody doses (greater than or equal to 40 
mg) . The limitations of this antibody include the poor results in detecting 
soft tissue lesions, including the primary lesion; the development of human 
antimouse antibodies in 50% of the patients at doses greater than or equal 
to 40 mg; the expense of the antibody; and the fact that better results are 
currently attainable by other less expensive imaging modalities. If and 
when a more suitable antibody or fragment is developed, the prospect of 
improved staging and new treatments using immunologic conjugates 
carrying therapeutic agents may become realities. Until such time, 
prostatic cancer will be staged with other currently available imaging 
modalities and conventional therapies with their limitations will remain 
state of the art. 
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Antibody immunoglobulin G (IgG) against human prostatic specific antigen 
(PSA) as a carrier protein for chemotherapeutic drugs to human prostate 
tumors: Part 1. A double immunofluorescence analysis, 
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BACKGROUND: Adenocarcinoma of the prostate (CaP) is the the second 
highest cause of cancer deaths in U.S. males. Current chemotherapeutic 
and/or endocrine treatments do not specifically and selectively 
target tumor cells of prostate cancer and benign 

prostatic hyperplasia (BPH) . We hypothesized that because of the specific 
binding characteristics of antibody immunoglobulin G (IgG) to human 
prostatic-specific antigen (PSA), PSA-IgG could function as a carrier 
protein for conjugated chemotherapeutic drugs and that the immunocon jugate 
would selectively bind to prostatic epithelial cells and their tumors, but 
not to epithelial cells of unrelated organs. Our objective was to test the 
hypothesis using human prostatectomy specimens. METHODS: WE used several 
derivatives of 5 * -f luorouracil, namely, 5'-fluoro- 2 ' -deoxyuridine 
( 5 • -Fu-2 ' -d) , 5 ' - f luoro-2 ' -deoxyuridine-5 ' monophosphate ( 5 ' -Fu-2 • -d-5 * -mp ) 
, 5 * -fluoro-2 ' -deoxyuridine-5 * - (p-aminophenyl ) monophosphate (5 ' -Fu-2 ' -d' -5 
'-amp), to conjugate with rabbit anti-PSA-IgG together with fluorescent 
markers (such as rhodamine and fluorescein or fluorescein isothiocyanate : 
FITC) . Prostate specimens were obtained from prostatectomy patients who had 
not been treated with cytotoxic drugs before surgery. We evaluated 
formalin- fixed and paraffin-embedded sections as well as cryostat sections 
of frozen specimens for localization of PSA-IgG alone and PSA-IgG-drug 
immunocon jugate using immunoperoxidase (IP) and single and/or double 
immunofluorescence (IF) localization techniques. RESULTS: Our study showed 
that the immunocon jugate ( PSA-IgG-5 ' -Fu-2 * -d) bound to PSA (molecular size 
of approximately 34 KDa) on nitrocellulose sheets in Western immunoblots of 
extracts of BPH and CaP tissues. This binding of immunocon jugate to PSA on 
immunoblots was similar to that of the unconjugated PSA-IgG. Immunostaining 
patterns for rabbit anti-PSA-IgG and PSA-IgG-5 ' -Fu-2 * -d immunocon jugate 
were similar and specific for prostate epithelial cells and their tumors, 
as revealed by IP techniques. To demonstrate that both the antibody and 
drug localized in the same group of prostatic epithelial cells, we used an 
immunocon jugate in which the PSA-IgG was labeled with rhodamine and 
5 • -Fu-2 » -d-5 » -amp with FITC. Our study showed that fluorescence for 
rhodamine and FITC was present in the same group of prostatic epithelial 
cells. Phase contrast microscopy demonstrated details of prostatic 
glandular epithelium and connective tissues. Our study showed that 
fluorescence for rhodamine and FITC and immunostaining by IP techniques 
were not observed in prostate sections incubated with normal rabbit serum. 
CONCLUSIONS: We have shown that conjugation of 5*-Fu derivatives to PSA-IgG 
did not affect either the selectivity or specificity of the antibody for 
prostatic epithelial cells. Differential immunofluorescence study has shown 
that PSA-IgG may function as a carrier protein for chemotherapeutic drugs 
to prostate epithelial cells and their t\amors . Furthermore, FITC-labeled 
5*-Fu-2'-d did not specifically localize in prostatic glands, kidney, 
lungs, bladder, or colon. Because of the specificity and selectivity of the 



innnunoconjugate for prostatic epithelial cells and their tumors, the 
immunocon jugate could be used in small dosages to treat prostatic 
tumors and such treatment would greatly reduce many unpleasant side 
effects in patients. This is the first report to show that PSA-IgG can 
function as an organ specific carrier protein for chemotherapeutic drugs to 
human prostate epithelium and its tumors. 

... second highest cause of cancer deaths in U.S. males. Current 
chemotherapeutic and/or endocrine treatments do not specifically and 
selectively target tumor cells of prostate cancer and 
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specific binding characteristics of... 

...or fluorescein isothiocyanate : FITC) . Prostate specimens were obtained 
from prostatectomy patients who had not been treated with cytotoxic 
drugs before surgery. We evaluated formalin-fixed and paraffin-embedded 
sections as well... 
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Anti-idiotypes against an anti-haloperidol antibody bind to sigma 
receptors , 
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Anti-idiotypic monoclonal antibodies that interact with the binding site 
of Sigma receptors were generated. First, BALB/c mice were immunized with a 
haloperidol-bovine serum albumin conjugate , and monoclonal 
anti-haloperidol antibodies that recognize the piperidinyl moiety of 
haloperidol molecule were obtained. Second, for generation of 
anti-idiotypic antibodies, RALB/c mice were immunized with the 
anti-haloperidol monoclonal antibodies coupled to keyhole 

liir5>et hemocyanin . Anti-idiotypic antisera and three 
hybridomas secreting anti-idiotypic monoclonal antibodies were obtained. 
All of them were shown to inhibit [ 3H] haloperidol binding to the 
anti-haloperidol antibodies. The anti-idiotypes were potent in displacing 
the binding of [3H] haloperidol to rat brain sigma receptors. Furthermore, 
they significantly immunoprecipitated the sigma receptors from a 
detergent-solubilized preparation. These findings demonstrate the 
generation of anti-idiotypic monoclonal antibodies specifically interacting 
with membrane-bound and solubilized sigma receptors, 

Oct 1993, 

. . . receptors were generated. First, BALB/c mice were immunized with a 
haloperidol-bovine serum albiamin conjugate , and monoclonal 
anti-haloperidol antibodies that recognize the piperidinyl moiety of 
haloperidol molecule were obtained. Second, for generation of 
anti-idiotypic antibodies, BALB/c mice were immunized with the 
anti-haloperidol monoclonal antibodies coupled to keyhole 

limpet hemocyanin . Anti-idiotypic antisera and three 
hybridomas secreting anti-idiotypic monoclonal antibodies were obtained. 
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The macrocyclic bifunctional chelating agent 2- (p-bromoacetamxdobenzyl) -1 



